Claims for the chemical production of mutants in species of fungi have existed in the literature for many years.2,6 The major obstacle to their acceptance has been the rarity with which positive results were obtained, hence the failure of subsequent workers in reproducing them. Under these circumstances the mutations described might be considered to have occurred without any specific relation to the experimental conditions set up. The most striking evidence for chemical induction of mutation has been obtained with colchicine in the production of polyploidy in phanerogai4s,1 but so far all investigators, including ourselves, have reported negative results with this alkaloid on fungi.
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Our first successful use of chemical induction of mutation with fungi was by means of sodium nitrite in acid solution, i.e., nitrous acid. "Injury" mutants in which differentiation, and therefore reproduction, was suppressed in varying degree were readily formed by the action of nitrite. Ease of production and duplication of results with the Aspergilli approached those of a chemical reaction. Positive results were obtained with selected strains of Aspergilus niger and A. Amstelodami;4 and were later extended to include A. variecolor, A. fumigatus, A. fischeri, A. flavus, A. alliaceus and A. nidulans.3 Though the propriety of referring to these artificially produced forms as mutants may be questioned, some evidence was obtained that they persist through the ascosporic stage.
Since the regularity and ease with which mutants were induced by nitrite suggested the smoothness of action of a chemical process, the suggestion was made that the effect of this compound consisted in the destruction of a varying number of free amino groups in proteins included in the hereditary mechanism. Polyploidy, it was considered, was contraindicated by the type of mutants obtained, nor was it believed to explain the uniformity in response to treatment.
We have attempted to submit the hypothesis of amino group destruction to test. Present difficulties prevent cytological studies to ascertain the effect of the nitrite process upon the nuclear mechanism. The fact that these forms are unsuitable for such studies is not the least of these difficulties. Determination of the amino nitrogen content of the fungus proteins might be feasible but also could not be undertaken under present conditions. It seemed probable, however, that if this hypothesis had any basis in fact, the use of other compounds suitable for removal of amino groups should also lead to formation of mutants of the same type.
The compounds selected for trial included ninhydrin, chloramin T., potassium iodide and hexamethylenamine (formin). All are stable in neutral solution but become reactive under the influence of the acidity accompanying growth. The last compound was included because formaldehyde is gradually liberated from it by the steadily increasing acidity in the cultures and would be capable of combining with free amino groups of the fungus proteins. All these compounds gave a sterility type mutant with A. niger, the only organism investigated in this respect.
Another test of the hypothesis consisted in an attempt to reverse the results of the process of nitrite treatment. The possibility existed that replacement of amino groups in the proteins of the mutants would, if feasible, lead to reversion of mutants toward the original strains. Two conditions seemed favorable for inducing this reverse mutation. First, the use of high concentrations of d-lysine in the expectation that in some instances the added amino acid would be introduced intact into the modified proteins during their synthesis. This amino acid was chosen because free amino groups in proteins are known to be associated with the presence of d-lysine. Second, the use of solutions of neutral or slightly alkaline reaction containing ammonium and strong reducing agents, on the chance that chemical conditions favorable for the formation of amino acids from corresponding hydroxy or keto acids would promote recovery to the original strain. The organisms tested in this manner included A. niger and A. Amstelodami. Reversion mutants showing partial to complete recovery in reproductivity were obtained with A. niger using d-lysine or sodium thiosulfate; whereas A. Amstelodami as yet has given forms showing only recovery of both conidia and ascospores, but of quite different colony appearance. In both instances an excess of calcium carbonate was introduced into the culture medium.
We have at last succeeded in obtaining positive results with fungi through the use of colchicine. The explanation of the many unsuccessful attempts to obtain mutants of fungi with colchicine is believed to have a simple chemical basis. Colchicine is hydrolyzed by acid to form colchicein, which is apparently of little or no effect. The use of acid nutrient solutions, or the free acids formed through metabolism of fungi, would serve to nullify the presence of this alkaloid. Addition of excess calcium carbonate to the nutrient solution prevents destruction of colchicine apparently, since mutants were readily obtained with A. fumigatus, A. nidulans, A. flavus, A. fischeri, A. variecolor and A. allaceus. No mutants were obtained with A. Amstelodami, or A. niger, though indications of a positive action were given by these species also. Concentrations of colchicine greater than one per cent may be found necessary with the latter species, therefore. Whether disturbances in metabolism because of a fixed neutrality are contributory factors remains to be determined.
The types of mutants obtained with colchicine included forms similar to those obtained with nitrite. Intermediate forms were more plentiful, however, and a few forms showing increased fruitfulness were also found. Partial reversion of mutation in A. Amstelodami has also been accomplished with colchicine. 4 The changes in inheritance brought about experimentally in the eight species of Aspergilli with which we have worked are departures from the normal inheritance of these forms that have in some instances proved stable over more than a score of years. These artificially produced strains again could be duplicated in large measure from a collection of forms from natural sources geographically widely distributed and covering a collecting period of more than thirty years. Conidia and ascospores, moreover, if produced at all in these mutants, persisted unchanged from those of the original strains in form and markings. The chemical facts may also be briefly summarized. The action of nitrite results in the formation of mutants in which the ability to differentiate, and therefore to reproduce, are injured in varying degree. Other reagents known to be destructive of the amino group in amino acids and proteins have a similar effect. The presence of high concentrations of d-lysine, the amino acid presumably affected by nitrite, brings about a reversal in mutation. Chemical conditions conducive to re-introduction of amino groups also bring about a reverse mutation.
Nevertheless, the precise nature of the underlying process is by no means certain as yet in the absence of cytological and analytical data. Nor is the formation of similar type mutants by colchicine particularly helpful to the interpretation of amino group destruction. The mode of action of colchicine on fungi itself needs elucidation, since polyploidy need not pecessarily or entirely enter into the observed responses with fungi.
It must be considered that nitrite and other destructive agencies acting on amino groups need not necessarily be the only means of bringing about the formation of this type of mutation. Presumably conditions may be brought about under which the metabolic introduction of ammonia to form amino groups is hindered to a greater or less extent.
Specific mention might be made in conclusion of an important implica- Vererbungslehre, 8, 1-35 (1912) . 3Steinberg, R. A., and Thor, C., Jour. Heredity, 31, 61-63 (1940) . 4 Thom, C., and Steinberg, R. A., Proc. Nat. Acad. Sci., 25, 329-335 (1939 The investigations of Stadler and Sprague' on maize, following that of earlier workers,2'3 have confirmed and furthered our knowledge as to the genetical effects of ultra-violet radiation. They showed that like x-rays, ultra-violet radiation could materially increase the mutation rate, but that on the contrary it differed from x-rays in that no increase in the frequency of translocations was found. Besides point mutations affecting seed and seedling characters, numerous entire and fractional endosperm deficiencies were found, being similar in nature, although differing in relative frequency, from those produced by x-rays. Later Singleton,4 and Singleton and Clark,5 showed that plants with defective pollen segregations frequently revealed deficiencies that were chromosomal in nature and not simply gene mutations. These deficiencies were cytologically demonstrable at pachytene, and invariably involved the terminal deletion of a chromosome segment. Muller and MacKensie6 confirmed the results of Stadler and Sprague in so far as translocations were concerned.
The accumulated evidence to date therefore points to a qualitative difference existing between the effects of ultra-violet and x-ray radiation. In all previous ultra-violet experiments, however, examination of individuals for chromosomal changes was made only after many cell generations had intervened since the time of treatment. A direct comparison of the results
